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Structurally well-defineda-conjugated oligothiophenes are of ~ Scheme 14
current interest as advanced nanoscale moleéuf@sr group RO R R R 5(2T) X=Y=H ii

recently developed the longest series of oligothiopheinap to Q [ 6 X=H,Y=Br 7% |
the 48-meR which, in contrast to the limited series of nonsubstituted S :22/:’ X /S\ Y ; iivv_Y; SnBus = g6,
oligothiophene up to the octamet,provide much information ~ 2 =Y=s

on the conjugation of polythiophenes. To extend them to further 40T R=CHOCH, 7 +8 — 6T

higher homologues, these long oligothiophenes need to be func- 83%
tionalized at the terminaéi-positions. However, such selective

Vi vii viii
6T — 12T (60%) — 24T (42%) — 48T (18%)
reactions are usually impossible. Theeactions of oligothiophenes,

+ + +
basically negligible as compared to theeactions, become eminent 18T (3%) 36T (4%) 72T (9%)
for long oligothiophenes as a result of the statistical increase of i * *
. . . 24T (0.3%, 48T (2% %
the g-sites. The desiredx-products are inseparable from the ¢ ) _ (%) 96T (7%)
contaminateg-products. To avoid the undesiratflaeactions, we Reagents and conditions: 1BuLi, THF, —78 °C to rt, 0.5 h, then

have designed the complefeblocking of oligothiophenes, which ~ Fe(@cad reflux, 12 h. ii) 1 equiv NBS, DMFCS,, tt, 2 h; iil) "Bul,

. LT h . THF, =78 °C to rt, 1 h, then BgSnCl, —78 °C to rt, 12 h; iv) 2 equiv
allows the formation of extraordinarily long oligothiophengs NBS, DMF-CS,, 1t, 2 h; v) Pd(PPHa, xylene, reflux, 8 h; vi) 1 equiv
(abbreviated tonT) up to the 96-mer. Fe(ClQy)s, CHCL—CHsCN, 0°C, 3.5 h; vii) 1.5 equiv Fe(Clg)s, CHCk—

CHsCN, rt, 13 h; viii) 2 equiv Fe(CI@)3, CHChL—CHsCN, 50°C, 18 h.

CsgHi7 CgHy7 CgHy7 CgHy7
[N Ss N SS 7) [ IN_Ss I\ So 1Y Table 1. Molecular Weights and Electronic Spectra of
s\ s s NS\ s Ws Vs Oligothiophenes nT
CgHy7 CgHyy CgHiz CgHy7
1(h=0-7) compd MS M,/(m/z)? GPLC M, absya/nme flumad/nme
1T - 382 247.5 nonflu.
/\ 2T 590.9 (590.5) 813 313.0 347.6, 360.8
S/ 4T 1178.8 (1178.6) 1438 408.5 453.2,481.6
2(n=1-8) 6T 1768.8 (1768.0) 2028 457.5 514.4,551.4
127 3535.8 (3534.7) 4033 506.5 574.6, 622.0
18T 5305.5 (5301.7) 6284 517.0 583.2, 630.0
o R 24T 7068.9 (7068.5) 8620 521.5 585.6, 635.8
Bub  Omy B0 OBu 36T  10609.1 (10602.0) 14072 524.4,546.3 587.6,637.9
3:n=1(6T),n=2(12T), n=3(18T), n = 4 (24T), 48T  14142.5 (14135.5) 20178 525.6,551.4 588.5, 638.7
n=6(36T), n=8 @8T), n =12 (72T), n = 16 (96T) 72T  21200.1 (21202.6) 30649 526.8,554.6  590.0, 639.1

96T  28270.2 (28269.3) 47028 527.7,556.5 590.4,641.6

As-shown n Scheme 1, the key thiophene moone{ﬂT) aMS molecular weights were measured by a MALDI-TOF mass
substituted by a 2,2-bis(butoxymethyl)-1,3-propanediyl group at spectroscopic instrument using 1,8,9-trihydroxyanthracene matrix. Calculated
both-sites was prepared in a reasonable yield (41%) through threeMw values are given in parenthes€&PLC molecular weights were
steps from known 2,5-dibromo-3,4-bis(bromomethyl)thiophenel determined with the polystyrene standard in THRbsorption and

. % yield to the diméds (2T) by treatment with fluorescence spectra were measured with experimental wavelength errors
converted in 82% yield to y of 0.2 and 0.4 nm, respectively, in dichloromethane. Only characteristic
butyllithium, followed by oxidative coupling of the lithiated species vibronical peaks are noted.
with iron(ll) acetylacetonate. Treatment Bfwith 1 mol equiv of
NBS gave the monobromo derivativée(77%), which was then (36T, 4%), and the 48-merd8T, 2%). The repeated oxidation
converted to the tributyltin derivative(96%). Alternative treatment  of 24T successfully gave the 48-med8T, 18%), the 72-mer
of 5 with 2 mol equiv of NBS gave the dibromo derivati@¢83%), (72T, 9%), and the 96-mei96T, 7%).
which was subjected to a Stille cross-coupling reaction with 2 mol ~ The molecular structures of all the long oligothiopheBagere
equiv of 7 to give the 6-mer T) in 83% vyield. Subsequent  unambiguously characterized by MALDI-TOF MS measurements,
oxidative homocoupling o8T with iron(lll) perchlorate afforded and the molecular ion peaks are given in Table 1. The structure
a mixture of the 12-merl@2T, 60%) and the 18-merl8T, 3%) determination was also corroborated by thReNMR spectra with

together with a trace amount of the 24-med4T), which were appearance of a small but specific singlet resonance signal at
separated from one another by preparative gel-permeation liquid 6.68 due to the twa-thiophene protons, together with broad large
chromatography (GPLC) using chloroform as an eluent. ThE signals corresponding to the numerous protons of the five-membered

thus isolated was reoxidized with the same reagent under somewhamethylene groups and the pendant butoxymethyl groups. Analytical
severe conditions to give the 24-me24{, 42%), the 36-mer GPLC using the polystyrene standard confirmed the isolation of
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) Forl: E(eV)=2.49+ 3.14h (1)
4.0 om
9\,,,;;,: For2: E(eV)=2.22+3.76h )
351 Bx:f’,’f;i\Z For3: E(eV)=2.13+ 3.64h 3)
3 1 o 3
i’ 3.0 \943'5,"' It is reasonable to consider that the coefficients of the linear
m,j"l,’f" equations reflect the effective conjugations of the individual
25 ",“/ CsHy7 systems. The coefficient (3.14) forl is much smaller than that
:',‘" " (3.76) for nonsubstituted oligothiophen2sThe low coefficient
20 § /n of 1 means less conjugation of this system, which can be explained
"0 01 02 0304 05 9(n=2-6) in terms of intrachain twisting due to sterical demand of the
1/n introduced octyl groups. Guillerez and co-workers reported that even
Figure 1. Correlation between electronic transition energi8sd inverse regioregular oligo(3-octylthiophenegsshow a low coefficient, 3.15,
ring numbers (1) of oligothiophenes. which is in fair accordance with that found fa@® In contrast, the

coefficient (3.64) of3 is nearly the same as that (3.76) &f
e’r‘ndicating that the coplanarity of the oligomeric backbone3 a$
little disturbed by fusion of the cyclopentane rinf§ghis supports

these oligomers as single components. Table 1 also shows that th
GPLC molecular weights of the long oligomers tend to be
considerably _Iarger than the actual values. Such inflation of the highly extended conjugation 8fabove-mentioned.

molecular weights as_compared t'o _that of the ra”dom'y_ shaped In conclusion, we have succeeded in the development of
polystyrene standard is characteristic of the type of rodlike long extraordinarily long oligothiophene8 up to the 96-mer. Their

5 i i i

m_oleculg§. The_GPL_C molecular_ wglghts m_crease_propc_)rnongtely spectroscopic measurements evidently indicate that they are highly
with the increasing thiophene units in the oligomeric series (Figure conjugated like nonsubstituted oligothiophenes and exhibit no

S.l)' Thls result clearly suggests that.the molepglar chains of theseConvergent limit for the extended conjugation up to the 96-mer
oligothiophenes are elongated, retaining a rigid rod-type shape.

. . . yet
Assuming that it adopts an energetically favorable all-trans
conformation with regard to the thiophene-ring linka@éT is Acknowledgment. This research was supported by the Shorai
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m—m* electron absorption band in the visible region, which is

progressively red-shifted with increasing chain length. In the short
oligomeric series, there is an excellent linear correlation of the
transition energies with the inverse ring numbers, but for the long
oligomers, there is a deviation from linearity due to the occurrence
of saturation, and the completely saturated point of the red-shift is

defined as the effective conjugation length. On the basis of the (1) For rectlant rep]/iewsl on oligothiopheneﬁ\)I sl«lee: (a)Ble, P. IrEIectrondic
f e Materials: The Oligomeric Approal tllen, K., Wegner, G., Eds.;
spectroscopic study of undecithiophenes, Wynberg and co-workers Wiley-VCH: Weinhgeim, 1998;pp(:hagter 2. (lt-)andboolg of Oligo- and

claimed that the effective conjugation is not much longer than 11 Polythiophenes Fichou, D., Ed.; Wiley-VCH: Weinheim 1999. (c)
; : Otsubo, T.; Aso, Y.; Takimiya, KBull. Chem. Soc. Jpr2001, 74, 1789~

repeat un|t§._However, the _Iater study ba_lsed on an extrapolation 1801, (d) Otsubo, T.; Aso, Y : Takimiya, K. Mater. Chem2002 12,

of the transition energy/chain length relationship suggested that the 2565-2575.

saturation of the effective conjugation be extended to 20 thiophene (2) (&) Nakanishi, H.; Sumi, N.; Aso, Y.; Otsubo, J..Org. Chem1998 63,

) . ; 8632-8633. (b) Sumi, N.; Nakanishi, H.; Ueno, S.; Aso, Y.; Otsubo, T.
units” In the study of the oligothiophends we actually observed Bull. Chem. (Sgc_ ng'r'go()l 7‘1 39';";,88_ ene S0 subo

the continuous red shifts of their absorption spectra up to the 20- (3) (a) Nakayama, J.; Konishi, T.; Murabayashi, S.; HoshinoHterocycles
mer? Surprisingly, the absorption spectra®fiemonstrate that this R e )y 2 yahon, D-i Harowltz, G.; Garmier, F.
system continues the red shifts up to the 96-mer (see also Table (4) Helmers, SJ. Prakt. Chem1972 314 334-352.

1). The emission shifts also show the same tendency. It is worth  (5) (a) Pearson, L.; Schumm, J. S.; Tour, J. Macromoleculesl994 27,
2348-2350. (b) Schumm, J. S.; Pearson, D. L.; Tour, JAkgew. Chem.,
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